1. Introduction {#s0005}
===============

The resistance of the pathogenic microorganisms including bacteria, fungi, virus and parasites to antimicrobial agents are increasing constantly due to the extensive use of antibiotics and natural selection of environment ([@b0215]). Recent years, the emergence of resistance to antibiotics increase the morbidity, mortality and challenging health care issues, and expanding all over the world ([@b0115]). The continuous resistant against current antibiotics is a major reason for increase of multi drug resistance (MDR) effect in microbes ([@b0180]). Among these, MDR Gram negative bacterial (GNB) infections have played a major role worldwide in health care settings ([@b0155]). According to the WHO reports, carbapenem resistant GNB as the number 1 critical list including *Acinetobacter baumannii*, *Klebseilla pneumoniae*, *Pseudomonas aeruginosa* and *Proteus mirabilis* ([@b0260]). In 2019, the review of Antimicrobial resistance committee was announced that the carbapenem resistant GNB increase the number of death, it attributed to antimicrobial resistance could increase 1 million each year ([@b0235]). Five fold increased death rate was reported recently in developing nations compared to developed nations.

Emergence of carbapenem resistant (CR) bacterial infections are a life threatening problem due to the production of multiple genetic and physiochemical mechanisms including mutation, horizondal gene transfer, alteration of target proteins, enzyme inactivation of antibiotics, quorum sensing, biofilm formation, extended spectrum beta lactamase production ([@b0150]). In particular, carbapenemase producing *K. pneumoniae* is very most important bacteria among the *Enterobacteriaceae* family ([@b0025]). Carbapenemase is a type of beta-lactamases, it has the ability to hydrolyze oxy amine side chains of the carbapenems antibiotics, uncontrolled efflux pump expression. In addition, the antibiotics could not enter into the outer membrane of bacteria due to the production of porin mutations, and their carbapenamase production is increase the carbapenem resistance efficiency in bacteria ([@b0035]). Various classes of carbapenemases were emerged recently with different mechanisms of carbapenems hydrolysis activity including IMP, VIM, NDM, CMY and PDC beta-lactamases, OXA ([@b0005], [@b0210]). All of these genes were encoded by plasmid and pose a vigorous spread of carbapenem resistance nature ([@b0055]). Different researchers have been reported different kinds of mechanism for carbapenem resistant bacteria, but so far, the exact mechanism is not fully understood ([@b0015]). Therefore, there is an emerging need for developing novel and potent antibiotics targeting the carbapenem resistant GNB, especially CR *K. pneumoniae.*

The genus *Camellia* one of the largest medicinal plant that belongs to the *Theaceae* family ([@b0065]). It mostly present in East Asia with considerable attraction due to its excellent economic values for human consumption ([@b0265]). Many varieties of *Camellia* species are available such as *C. sinensis*, *C. grijsii*, *C. sasanqua*, *C. sasanqua, C. reticulata C. oleifera* and *C. japonica.* The leaf and buds of the some *Camellia* species are used in tea production worldwide ([@b0085]). The extracted seeds of *C. japonica* and *C. oleifera* are frequently used in cooking oil and the cultivation and utilization are very high in China ([@b0010]). Some of the species are used to famous ornamental values and produce colorful flowers with long time fluorescence and striking aromas. The high quality of various *Camellia* species seed oils was highly produced in Taiwan high level in house cooking. In particular, the high content of unsaturated fatty acids contained leic acid and linoleic acid of *C. japonica* used to human health ([@b0125]). Recent years, 90% of the oil is reported from *Camellia* species*.* The rich unsaturated fatty acid sources of *Camellia* species is the topmost oil compared with other olive oils. It is used in the format of ''omega meals for human. The high level squalene and flavonoids content of the vitamin E is more in *Camellia* species when compared with other olive oils ([@b0070]). It has highly nutritional and medicinal sources, which used traditionally in stomach ache and wound infections ([@b0045]). Recently, some researchers were reports that the *Camellia* species has high anti-bacteria ([@b0085]), anti-viral, anti-cancer, skin healing ([@b0130]) and larvicidal ([@b0135]) activities. It act as a excellent drug and protect the liver against CCl4-induced oxidative damage and decreased the body cholesterol level ([@b0065], [@b0265]). Sometimes, it increase the oxidative stress responses in human body. In this context, to overcome this crisis, we choose an potential essential oil components from the Chinesh medicinal plant *Camellia japonica* to combat the CR *K. pneumoniae.*

2. Materials and methods {#s0010}
========================

2.1. Strain collection {#s0015}
----------------------

The CR *K. pneumoniae* strain was procured from Government Head Quarters Hospital, Tiruchirappalli, Tamil Nadu, India, which cause urinary tract infections. The carbapenemase production of selected CR *K. pneumoniae* strain was confirmed by Nitro-Carba test, followed by previous report of [@b0235]. All the chemicals, reagents, plates and antibiotic discs of this study was procured from Hi-Media Laboratories, Mumbai, India.

2.2. Detection of carbapenom resistant effect {#s0020}
---------------------------------------------

The carbapenemase producing ability of *K. pnemoniae* was tested against specific antibiotic panel of HX095, HX096, HX066 and HX103 antibiotic discs by disc diffusion method (Clinical & Laboratory Standard Institute Guidelines). The antibiotic discs of aztreonam (AT-30 µg), cefpodoxime (CPD-10 µg), cefpodoxime/Clavulanic acid (CCL-10/5 µg), ceftazidime (CAZ-30 µg), cefotaxime (CTX-30 µg), ceftriaxone (CTR-30 µg) for HX095, cefpodoxime (CPD-10 µg), cefpodoxime/Clavulanic acid (CCL-10/5 µg), ceftazidime (CAZ), ceftazidime/Clavulanic acid (CAC-30/10 µg), cefotaxime (CTX-30 µg) and cefotaxime/Clavulanic acid (CEC-30/10 µg) for HX096, cefepime (CPM-30 µg), cefoperazone (CPZ-75 µg), ceftriaxone (CTR-30 µg), cefoxitin (CX-30 µg), imipenem (IPM-10 µg), ticarcillin/clavulanic acid (TCC-75/10 µg) for HX066 and ciproflaxacin (CIP-5 µg), imipenem (IPM-10 µg), meropenem (MRP-10 µg), ertapenem (ETP-10 µg), cefoperazone/sulbactum (CFS-75/30 µg) piperacillin/tazobactam (PIT-100/10 µg) for HX103 ([@b0225]).

2.3. Confirmation of carbapenemase production by E-test stripe method {#s0025}
---------------------------------------------------------------------

The carbapenemase producing ability of selected *K. pneumoniae* was determined by E-test MIC stripe assay ([@b0105]). Briefly, two different type of gradient concentration E-stripes were used for detection of carbapenemase activity. In first stripe, the upper side coated with specific ESBL enzyme detection mix antibiotics (0.32--4 µg/mL) and lower side coated with specific ESBL enzyme detection antibiotic alone were prepared (0.125--16 µg/mL). Instead, the second stripe coated ESBL enzyme detection mix antibiotics in upper side (0.32--4 µg/mL) and AMC enzyme detection mix antibiotics in lower side were prepared (0.125--16 µg/mL). The MIC value was detected in µg/mL based on the CLSI guidelines ([@b0160]). The interpretation of every zone of inhibition between the strips and calculated their edges were refereed as MIC value. The ESBLs of carbapenemase was indicated as positive, the result of zone exhibited the \>8 for Enz MIX, \>0.5 for ESBL detection antibiotic alone and \>1 for AMC enzyme detection mix were observed.

2.4. Molecular confirmation of CR *K. pneumoniae* {#s0030}
-------------------------------------------------

Based on the carbapenem resistant activity, the genomic DNA of selected CR *K. pneumoniae* was identified by multi plux PCR using universal primers ([@b0025]). The 16S rRNA sequences was extracted by based on the standard protocol including initial denaturation at 95 °C for 10 m, and 35 cycle denaturation temperature at 96 °C for 1 min, annealing at 55 °C for 1 min and extension 72 °C for 2 min, and final extension at 72 °C for 10 min. After, the received PCR product was sequenced by automated sequencer (Shimadzhu, Japan) in Rajivgandhi Centre for Biotechnology (RGCB), Kerala, India. The sequences were aligned carefully and detect the pairwise identities using NBLAST. Then, successive sequences were submitted in NCBI for receive the accession number. After, the accession number was noted and the applied to selected CR *K. pneumoniae*. In addition, the genetic evidences of carbapenem producucing genes of selected *K. pneumoniae* was detected by multiplux PCR method ([@b0230]).

2.5. Purification of essential oil (EO) and hydrosol extraction {#s0035}
---------------------------------------------------------------

The fresh cleaned plant seeds of *C. japonica* was collected from Sun Yat-Sen University campus, Guangzhou, China. Five hundred gram of the fresh seeds were washed with DD·H~2~O and dried at lab condition in the shade for 20 days. Air dried sample was hydro distilled process using Clevenger apparatus (Shimadzhu, Germany) using n-hexane as a recovery solvent (Shimadzhu, Germany) using n-hexane as a recovery solvent. According to the previous method of [@b0120], the 250 g of the sample was placed into 5 L conical flask containing 2 L DD·H~2~O and then heated at 100 °C temperature for 2--4 h using heating mantle. The condensed liquid nature of the oil was recovered by the experiment and filtered in receiver tube. The water and EOs were extracted separately by using separating funnel and collected in measuring tube. The EOs was dried with anhydrous sodium sulphate for complete water removal. Finally, the purified EOs was recovered and stored at 4 °C for further use.

2.6. GC--MS analysis {#s0040}
--------------------

Identification of *C. japonica* EO components was analyzed using GC--MS (TQ 8040-Thermoscientific, Germany) with the modification method of [@b0100]. The GC--MS was equipped with GC 2010 plus coupled with triple-quadrupole mass detector, which was attached with an AOC 5000 auto sampler performed in liquid mode. Capillary column size of 25 m × 3 mm for divide, and carrier gas of helium with 1 mL/min flow rate. The n-hexane and 10 μg/mL volume of the sample was used at 1 μg concentration for injection with 1:10 split ratio. The detector and injector temperature was programmed from 40 to 250 °C and initial GC oven temperature was 60 μg for 5 min. The total analysis time was performed with 90 h. The 300 °C of transfer line temperature and MS ion sources were used at 250 °C. The mass range was programmed with 40--400 *m*/*z*, which was received by electron ionization at 80 eV. Based on their retention indices (RI) and mass fragmentation patterns, all the chemical components of the oil were assisted by National Institute of Standards and Technology (NIST) of Sun Yat-Sen University mass spectral libraries.

2.7. Anti-bacterial activity {#s0045}
----------------------------

Antibacterial activity of *C. japonica* EO was performed against CR *K. pneumoniae* (MN396685) by agar well method ([@b0190]). The 24 h old CR *K. pneumoniae* (MN396685) culture was spread on the sterile muller hinton agar (MHA) plates. After, various concentrations of EO were added into the wells. Whereas third generation chaphlosporin antibiotic discs CTX and DOR were acted as a positive control for detection of ESBL production. After overnight incubation, the zone of inhibition around the EOs containing wells were calculated in diameter.

2.8. Purification of essential oil by preparative HPLC {#s0050}
------------------------------------------------------

Potential anti-bacterial components present in the EO was examined by analytical HPLC for detection of active fraction with the mobile phase of acetonitrile-methanol-0.2 m ammonium acetate-water (45:10:10:35) ([@b0170]). The agar well diffusion method was used to evaluate the essential oil fractions against CR *K. pneumoniae* (MN396685). Further, excellent anti-bacterial activity of the oil fraction was purified separately by preparative HPLC and confirmed by analytical HPLC. The instrument of preparative HPLC was equipped with C18 coloumn, 140 × 4.6 mm with 4.6 µm of linear gradient and 1 mL/min flow rate at 240 nm. The elution program was set up with 0--10 min of 10--90% A, 10--11 min of 90--100% B and 11--20 min of 100% C and injection time volume was used with 20 µL. At the 40--60 °C temperature was used for entire experiment. Finally, purified sample was further performed separately against CR *K. pneumoniae* (MN396685) and lyophilized at 40℃ by using lyophilizer for further study. The third generation chaphalosporin piperacillin/tazobactam and methanol was served as a positive and negative control respectively for detection of ESBLs production ([@b0240]).

2.9. Minimum inhibition concentration {#s0055}
-------------------------------------

The MIC of HPLC purified EO fraction (PFEO) was determined using micro broth dilution method with 96-well plate ([@b0255]). Aliquot 100 µL of overnight tested bacterial culture into the tryptic soy broth (TSB) containing wells. Various concentration of DMSO diluted PFEO was treated into the wells. Without addition of the oil and media alone containing well used as a control and blank respectively. As same as procedure was used for cefotaxime, imipenem and mirapenem (10% DMSO in the range of 1000--30, 10 and 10 μg/mL concentration respectively), which maintained as a positive control for detection of ESBLs and incubated at 37 °C for 24 h. Lowest concentration of PFEO inhibited the bacteria was noted based on the turbidity of growth and determined the O.D values by spectrophotometer.

2.10. Cell cycle arrest by flow cytometry {#s0060}
-----------------------------------------

Flow cytometric analysis was performed to identify the bacterial viability and growth cell arrest of CR *K. pneumoniae* (MN396685) cells when treated with MIC of PFEO at 24 h using specific Live/Dead Bac Light kit (Shimadzhu, India) ([@b0030]). After the time period, the cells were centrifuged at 5000 rpm for 30 m and then rinsed with 1 mL cold water twice, filtered 1 × PBS (pH 7.5). Add 2 ul of Propidium iodide (PI) into the sample tube and vortexed followed by incubated at 30 °C for 10 min. As same as procedure of untreated bacterial cells in the PBS were acted as a control. After incubation, the inhibition range of treated and untreated cells were interpreted based on the PI absorption of flow cytometer (FACS MoFlo XDP Beckman Coulter). Analysis was performed in CyteExpert 2.1 software (Bruker, Japan).

2.11. Invitro anti-carbapenamase activity {#s0065}
-----------------------------------------

Anti-carbapenemase activity of active PFEO was evaluated against CR *K. pneumoniae* (MN396685) by Carba NP (Carbapenemase Nordmann-Poirel) method ([@b0245]). Shortly, the tested bacterial culture was taken into 24-well plate containing Tris-HCl 20 mmol/L lysis buffer (Bacterial Protein Extraction Reagent (B-PERRI), Shimadzu, Germany) and different concentration of PFEO was added into the wells except second well and incubated at 37 °C for 12 h. Based on the CLSI guidelines of 2017, to enhance the enzymatic quantity, bacterial culture one-third to one-half was used and incubated at 37 °C for 12 h supplemented with imipenem. After the 12 h incubation, 100 µL of the indicating solution contain pH indicator and phenol red was added into all the wells and noticed the carbapenemase activity within 2 h due to the color changes of phenol red solution. Result was concluding from hydrolysis of carboxylic derivatives of antibiotics, which decrease the PH value. The first well responds as a control, which containing pathogen and media. Second well responds as an internal control, which containing pathogen and antibiotics to stimulate the carabapenemase. Other wells loaded with the pathogen, imipenem plus the various concentrations of EO. According to the CLSI guidelines, the Carb NP test was interpreted as follows, no color changes of first well indicates that the bacteria did not produce any enzyme. The changes of the red color to yellow/orange in second and third wells indicates that the bacteria was produced carbapenemase. Whereas, the quick decolourization of yellow/orange color after the PFEO treated wells indicates that the PFEO acted as a important role in anti-carbapenemase activity by the hydrolysis of virulence molecules ([@b0095]).

2.12. Quantitative determination of anti-carbapenemase activity {#s0070}
---------------------------------------------------------------

The quantitative measurement of anti-carbapenemase activity was used to assess the *invitro* Carba NP test result by colorimeter at 540 nm ([@b0250]). In this experiment, the 5 M NaCl solution was replaced nstead of B-PERRI lysis buffer to avoid misinterpretation. The test tube containing a loop of culture was mixed with 100 μl of 5 M NaCl solution and vortexed vigorously for 2 min. Then 50 µL supernatant was collected by centrifugation and 50 µL of corresponding enzymatic suspension were added into the 24-well polystyrene plate and mixed well. In addition, 100 µL of 3 mg/mL solution of imipenem monohydrate solution was added next to control wells. Finally, the different concentration of the PFEO was added in the remaining wells of pathogen plus imipenem at 37 °C for 24 h. Then, phenol red solution (pH 7.8) was added in all the wells and allowed to maintain 2 h (Merck Millipore, Guyancourt, France). After incubation, the color changes were obtained from the wells and determined at 540 nm by the colorimeter.

3. Result {#s0075}
=========

3.1. Detection of carbapenom resistance activity {#s0080}
------------------------------------------------

According to the CLSI guidelines, all the Hexa discs results were exhibited more sensitive against tested *K. pneumoniae.* The specific ESBLs and carbapenemase detection discs of cefpodoxime, ceftazidime, ceftriaxone, cefotaxime, cefpodoxime/Clavulanic acid, ceftazidime/Clavulanic acid, cefoperazone/sulbactum, piperacillin/tazobactam, cefotaxime/Clavulanic acid, ticarcillin/clavulanic acid and imipenem, meropenem, ertapenem were did not produced better inhibition zones against tested *K. pneumoniae* ([Fig. 1](#f0005){ref-type="fig"}a, b). These evidences was suggested that the bacteria has ESBL and carbapenemase producing ability due to the poor performance of performed antibiotics. Especially, the highest concentration of cefoperazone, cefoperazone/sulbactum, ticarcillin/clavulanic acid and piperacillin/tazobactam discs were not act better role against tested bacteria. In addition, the ceftazidime and cefotaxime of specific ESBL identification discs did not correlated with ceftazidime/Clavulanic acid and cefotaxime/Clavulanic acid antibiotics in any places. Similarly, the imipenem, meropenem and ertapenem of specific carbapenem identification discs were also exhibited the with ≤22 mm zone for ceftazidime and ≤27 mm zone for cefotaxime. The result was proved that the tested *K. pneumoniae* strain was MDR bacteria, especially carbapenemase mediated drug resistant. The CLSI guidelines chart for ESBL and carbapenem resistant bacteria was available in our previously reported article ([@b0260]).Fig. 1Identification (a--d) and confirmation (e, f) of carbapenem resistant *K. pneumoniae* by HEXA discs diffusion and MIC stripe methods respectively. Detection of carbapenem resistant genes of IPM, VIM and OXA-48 in selected *K. pneumoniae* by multiplux PCR analysis (g).

On the other hand, some of the antibiotic discs were observed with low inhibition zones including 6, 2, 6, 6, 8, 4, 4, 4, 16, 4, 20, 10, 6, 8 mm of the zones against CTR, CTX, CPM, CPZ, CTR, IMP, CIP, IPM, MRP, CFS, PIT, CPD, CCL and CEC were observed respectively ([Fig. 1](#f0005){ref-type="fig"}c, d). All the antibiotics zones were sensitive to bacteria. They cloud not reach the inhibition level of bacteria due to the target site modifications by chromosomal gene mutations, and inactivate the antibiotics through production of EPS, ESBLs, urease, biofilm formation, QS and efflux pump, penicillinase ([@b0150]). All these antibiotics blocked initially and naturalized in their outer membranes by outer membrane proteins ([@b0025]). Mechanistically, the GNB cell walls were made up of teichoic acid and EPS, which helped to prevent the external drugs through their harmful chemical productions ([@b0055]). Due to this defect, the antibiotics were lost their transferring capacity against bacteria. This result was agreed by previous report of [@b0110], [@b0170], carbapenem resistant GNB was very dangerous. Recently, [@b0005] reported that the carbapenems producing bacteria was shown to be more critical to destroy and kill during the infections time due to a lack of viable treatment choice.

Further, the upper side of ESBL enzyme mix in both the MIC E-stripes exhibited 0.40 and 0. 39 mm zones and lower side of the specific ESBL enzyme detection and AMC ESBL enzymes stripes exhibited with 0.32 and 0.34 mm zone of inhibition were observed against tested *K. pneumoniae* ([Fig. 1](#f0005){ref-type="fig"}e, f). The result was exhibited with \>8 mm zone of inhibition. Finally, the MIC E-stripe method was proved, *K. pneumoniae* was developed more resistant against current antibiotics, especially carbapenemase producer. Our MIC stripe result was correlated with previous report of [@b0155], [@b0210] with ESBL producing *P. aeruginosa* and *K. pneumoniae.* The WHO report also mentioned in 2017, \>8 mm of the bacterial zone against MIC stripes of ESBL detection antibiotics and AMP antiobiotics were more sensitive (2019). Hence, there is a new chemical derivatives of antibiotic was need to prevent the different kinds of MDR bacteria. Also, increasing scarcity for new idea to detect the appropriate inhibitor for combat the β-lactamase and carbapenemases, which have been very challenging against current antibiotics. Recent years, the medicinal plant and their EO have excellent alternate remedies against various antibiotic resistance infections.

3.2. Molecular identification of selected *K. pneumoniae* {#s0085}
---------------------------------------------------------

Based on the NCBI data result, we have found 97.50% similarities with 80% GC content, and 1200 bP for the selected *K. pneumoniae* and received the accession number of MN396685. In addition, the selected bacteria was named as CR *K. pneumoniae* (MN396685). Further, the multiplex PCR analysis result was also proved that the selected uropathogens were ESBLs producers, which containing the carbapenemase genes of VIM, IPM and OXA-48 ([Fig. 1](#f0005){ref-type="fig"}g).

3.3. Composition of essential oil {#s0090}
---------------------------------

The hydrodistillation method by Clevenger apparatus of *C. japonica* seeds given sweet and pleasant aroma dark green yellow oil with a yield of 0.17% based on the dry weight. The result of GC--MS was revealed various other compounds also present in the EO of *C. japonica* seeds ([Fig. 2](#f0010){ref-type="fig"}). The GC--MS result was exhibited with 53 compounds and it indicating 90% of the total oil. On basis of the NIST identification, all the compounds were listed in [Table. 1](#t0005){ref-type="table"}. Among the identified compounds, the α-terpineol, α-terpinolene, α-pinene, β-pinene, α-terpenyl acetate, spathulenol of the oil moieties were present more in the *C. japonica* seeds. The EOs variations of present *C. japonica* was different to that obtained from *C. japonica* seed, Japan ([@b0270]). On the other hand, the chemical composition of *C. japonica* was significantly varied from compound moieties due to the influence of genetic factors, plant material, and harvesting time. In this study, we found most of the carboxylic acid, hydrocarbons, alcohol and esters with significant biological activity. Previously many researchers were reported with various biological activities of *C. japonica* seeds from various places, they are effectively presented in [Table. 2](#t0010){ref-type="table"}.Fig. 2Identification of essential oil present in the *Camellia japonica* by GC--MS.Table 1GC--MS analysis of identified compounds of *C. japonica* seeds essential oil.PeaksRTCompound nameAreaArea (%)RSIRI112.08α-Atlantone13213.099796628.90Β-Asarone15412.9932898311.26β-Biotol17611.8864832419.02α-Costol21902.190190656.17α-Terpineol80981.48879056α-Cadalene34762.0799803726.585β-Amyrin30,7761.16980933836.642Β-Camphane53,0140.2970926937.16Β-Elemene609,7412.37907631027.786Anethole53,2170.28648401130.60Diazepin45,6710.69309461225.01α-Pinene45630.98998321312.12Β-Farnesene35670.69649401416.01Caffeine23450.99399361521.14Junipene45670.49608891633.11Α-Eudesmol13400.89.239001737.01p-Cyamene23451.2886879181922.03Furans45620.9901901209.32Pluegone12651.58789002128.02Indolizine13811.89008862213.15Isophorone15982.09338642319.01Fenchol34562.29219102420.34Erucic acid23,4513.18909042519.64*cis*-Vaccenic acid256,7812.29089022612.34Palmitoleic acid654,3891.69018842713.43Eicosenoic acid23,4523.09048032811Tetracosenoic acid34,2562.499180929321-Mono-oleoylglycerol346,7812.88998653019.01Linolenic acd298,7642.09908433114.05*cis*-13-Eicosenoic acid190,8452.48348743213.65Myristic acid324,8710.68678653211.21Fluorobenzylamine400,9180.9980835339.10Pthalic acid239,0851.5964890349.16*cis*-10-Nonadecenoic acid340,9671.99339003511.20n-Hexadecanoic acid239,0741.69029913613.01Formamide,134,7811.89769903711.206-Octadecanoic acid,256,8761.39359123814.059-Octadecenamide982,3651.69079103912.071-Allylazetidine264,5391.49019014011.269-H-Pyrido\[3,4-b\]indole340,6711.2909900Table 2Previous identification of *C. japonica* effect against various biomedical applications.S. noPlaceSourceCompound nameActivitiesReferences1JapanLeavesCamellenodial,Camellenodiol-3-o-6′-methoxy-β-D-glucuronopyranosideAnti-viral[@b0270]2KoreaLeavesSteroidal saponinsAcetylcholinesterase inhibition[@b0090]3KoreaLeavesQuercetin, quercetin-3-O-glucoside, quercitrin and kaempferol,Anti-oxidant4KoreaLeavesCamelliatannin A, H and FAnti-HIV[@b0145]5GermanySeedsCyclooctadepsipeptidesAnthelmintics[@b0060]6GermanySeedsCyclooctadepsipeptidesAnthelmintics[@b0075]7KoreaLeavesMthanolic ExtractAnti-microbial and anti-biofilm8JapanLeavesClass of Camelliasaponins (A1, A2, B1, B2, C1, and C2),Anti-microbial9USALeavesFumaric acidAnti-microbial**10ChinaSeedsEssential oilAnti-bacterialCurrent Study**

3.4. Anti-bacterial activity {#s0095}
----------------------------

Anti-bacterial effect of EO and third generation cephalosporin antibiotics cefotaxime and doripenem against tested CR *K. pneumoniae* (MN396685) are presented in [Fig. 2](#f0010){ref-type="fig"}. The result was showed with moderate anti-bacterial efficiency against tested CR *K. pneumoniae* (MN396685)*,* with inhibition ranging diameter of 16 mm zone at 60 µg/mL ([Fig. 3](#f0015){ref-type="fig"}a, b). Whereas, the ceftazidime and doripenem was exhibited with no zone of inhibition. The result was suggested that the CR *K. pneumoniae* (MN396685) was more sensitive to *C. japonica* EO. The interaction between the EO and bacteria may be attributed to the presence of n-hexadecanoic acid as a sole sources, in fact palmitoleic acid, eicosenoic acid, tetracosenoic acid, *cis*-13-Eicosenoic acid, Subashini, 1-mono-oleoylglycerol, myristic acid, pthalic acid, *cis*-10-nonadecenoic acid, 6-octadecanoic acid, 9-octadecanemide, 1-allylazetidine have been known to possess anti-bacterial, anti-cancer, anti-viral and larvicidl activities ([@b0075], [@b0090], [@b0280]). This result was agreed by [@b0145] and his team, reported that EO of *C. japonica* are known to be active against bacterial strains. Mechanistically, some plant essential oil constituents were surrounded with bioactive compound moieties, that used to performed highly in inside of the essential oil with low efficiency (Gupta et al., 2017; [@b0275]). They played a major role in inside of the bacterial that leads to cell wall destruction, QS inactivation, enzyme degradation and biofilm inhibition activity ([@b0220]). Therefore, *C. japonica* EO of our study was found to be generally active against CR *K. pneumoniae* (MN396685)*.*Fig. 3Anti-bacterial activity of crude essential oil against CR *K. pneumoniae* (a, b).

3.5. Purification of active molecules by preparative HPLC {#s0100}
---------------------------------------------------------

The exact anti-bacterial compound from the EO was purified by using preparative HPLC using n-Hexane as a active solvent ([@b0175]). After purification, the purified EO material was analyzed by analyticle HPLC for identified the different groups of compounds. In result, there are 12 different peaks were identified based on the retention time, area, height, area percentages and height percentages ([Fig. 4](#f0020){ref-type="fig"}a). Among 12 fractions, fractions 2 and 3 only exhibited 24 mm and 18 mm inhibition zone against CR *K. pneumoniae* (MN396685) was determined at 50 µg/mL in agar well diffusion method ([Fig. 5](#f0025){ref-type="fig"}a, b)*.* Whereas the other fractions did not shown better zone of inhibition against same bacteria. The mixed fractions of 2 and 3 were showed 32 mm zone of inhibition at 40 µg/mL ([Fig. 5](#f0025){ref-type="fig"}c). It was very excellent anti-bacterial activity compared with previous reports ([@b0075], [@b0090], [@b0280]), and this mixed fractions were purified separately by preparative HPLC using same mobile phase, retention, flow rate, temperature and fraction time, and confirmed by analytical HPLC ([Fig. 4](#f0020){ref-type="fig"}b). This purification result was also suggested that the EO was composed with some bioactive compounds compound derivatives which available in inside of the essential oil ([@b0185]). Therefore, the present result was suggested that the plant *C. japonica* EO could act as an effective inhibitor against CR *K. pneumoniae* (MN396685)*.*Fig. 4Detection of anti-bacterial fractions (a) and preparative HPLC purified anti-bacterial fractions (b) from crud essential oil by analytical HPLC.Fig. 5Anti-bacterial effect of purified fractions (a, b) and enhanced anti-bacterial effect of mixed fractions (c) against CR *K. pneumoniae* by agar well diffusion method.

3.6. Minimum inhibition concentration {#s0105}
-------------------------------------

No any visible turbidity was detected at 50 µg/mL PFEO treated well when compared with untreated control of first well. Similarly, the percentage of microtitre plate result was exhibited the inhibition rate of 10% for 5 µg/mL and 52% for 30 µg/mL concentration ([Fig. 6](#f0030){ref-type="fig"}a). Also, PFEO was found to be significantly reduced soon after starting the action of PFEO, which immediately went to decline phase. Based on the observation, the MIC of PFEO was fixed as 50 µg/mL against tested bacteria. The MBC result was exhibited same as MIC also observed and shown in [Fig. 6](#f0030){ref-type="fig"}b. Our result was indicated that the PFEO inhibit the CR *K. pneumoniae* (MN396685) at concentration dependent manner. Further, the validation results of MBC was confirmed the MIC values at same concentration in MHA plate. In mechanistic approach, the PFEO may targeted the region of special outer membrane in CR *K. pneumoniae* (MN396685) which can block a number of anions and harmful materials to come into cytoplasm ([@b0060]). The lipid bilayer surrounded teichoic acid and peptidoglycon of GNB outer membrane produced the negative charge in surface of the cell wall, which attracted transferred positive chemical substances of PFEO through outer membrane and leads to cell destruction ([@b0280]). The continuous action of PFEO damaged the integrated membrane and preventing the proliferation of bacteria and bacteria loss their virulence ([@b0090]). The invitro assay result was supported to disk diffusion assay result and also evidenced that the PFEO of *C. japonica* was more effective against CR *K. pneumoniae* (MN396685)*.*Fig. 6Minimum inhibition concentration (a) and minimum bactericidal concentration (b) of active purified essential oil (c) against CR *K. pneumoniae*.

3.7. Cell cycle arrest by flow cytometry {#s0110}
----------------------------------------

The *invitro* plate assay of viability was indicated false positive result due to the virulence factors stimulation, While they continue rest and reproduced enzyme activity after certain time interval ([@b0040]). To overcome this problem, the MIC od PFEO was treated cells was stained with AO/EB stains and examined under flow cytometry, which given as a real time assessment of bacterial viability ([@b0030]). In staining result, the entire region of the places were covered with PI observed live and dead bacterial cells, indicating a shift of arranged peak in P1. The percentages differentiation of PI absorbance in dead and live cell cells were highlighting in the P2 region. Inhibition range of the dead cells were also observed in P3 region due to the decreased growth of the bacteria. [Fig. 7](#f0035){ref-type="fig"}b of the P1, P2 and P3 of the scatter plot was indicated that the cells were significantly stained with PI and 98% of the cells were died due to the effect of PFEO. Whereas, the tightly arranged cells of P1, P2 and P3 of [Fig. 7](#f0035){ref-type="fig"}a, indicated that the cells were could not observed the PI dye properly and exhibited with well developed bacterial growth. The result was clearly confirmed that the PFEO of *C. japonica* EO has anti-bacterial activity against CR *K. pneumoniae* (MN396685)*.*Fig. 7Cell cycle arrest of control (a) and purified EO fraction treated (b) CR *K. pneumonia*e growth.

3.8. Invitro anti-carbapenamase activity {#s0115}
----------------------------------------

According to the CLSI guideline, Carba NP test is an important key test for indentify the carbapenemase in *Enterobacteriaceae* ([@b0195])*.* It is a rapid and highly sensitive phenotypic screening test, which extensively used to the detect the carbapenemase producing *Enterobacteriaceae* and some times for *Pseudomonas* sp ([@b0080]). hydrolysis of β-lactam ring in imipenem treated culture was the important identification method ([@b0105]). In the epidemiological settings, it is very most important test for confirmation of carbapenemase-producing pathogens, a strong positive reaction is used as the criterion for a positive result ([@b0205]). As per the guidelines, after added with phenol red, the internal control of imipenem containing well was completely changed their color from red to dark yellow within 2 h. Contrary, the control sample was exhibited with red color continuously. In the result of PFEO treated wells were could modify the yellow color to red color at 75 µg/mL. Initially, the moderate color changes were observed until 30 ug/mL concentration. After 35 µg/mL, the bacteria was lost their carbapenemase-producing ability completely due to the effect of PFEO. Therefore, our result was confirmed that the PFEO of *C. japonica* has more anti-carbapenemase activity against CR *K. pneumoniae* (MN396685) ([Fig. 8](#f0040){ref-type="fig"}a). Our result was agreed by and the hydrolytic degradation of carbapenemase using Carba NP test method advance than any other method, owing to its superior specificity and given uninterpretable results within 2 h. Recently, the complex mechanisms of antimicrobial resistance carbapenemase-producing bacteria was reported by [@b0170] and the absence of outer membrane permeability was leads to overproduction of cephalosporins and ESBLs or express a broad-spectrum β-lactamase without carbapenemase activity (ESBLs, plasmid and chromosome-encoded cephalosporinases.Fig. 8Anti-carbapenemase activity of HPLC purified EO fraction treated and untreated CR *K. pneumoniae* by invitro Carba NP test (a) and quantification of carbapenemase inhibition percentages at various concentration of HPLC purified EO fraction (b) by colorimetric analysis.

3.9. Quantitative determination of anti-carbapenemase activity {#s0120}
--------------------------------------------------------------

After incubation with PFEO treatment, all the wells of red color was changed to red color at increasing concentration, At 75 µg/mL, the red bright red color was produced in the treated well when compared with other wells. In this point, the result was indicated that the 75 µg/mL of the PFEO was very effective against CR *K. pneumoniae* (MN396685) and involved in hydrolysis of β-lactam ring cleavage and stimulate the β-lactamase inhibition ability. Contrary, the internal control of untreated well was remained yellow color due to the carbapenamase production. It also suggested that the antibiotics imipenem could not undergo the β-lactam ring cleavage activity due to the production of carbapenemase ([@b0245]). This result was validated by using colorimetry detection of treated and untreated cells quantitatively. After the colorimetric OD value, the inhibition effect of 94% was observed against CR *K. pneumoniae* (MN396685) at 75 µg/mL. When compared with control and other wells, this inhibition rate was very high at 75 ug/mL. Based on the colorimetric variation, all the wells and their inhibition percentages were presented in [Fig. 8](#f0040){ref-type="fig"}b.

The mechanistic approach of carbapenemase inhibition depends on the oxido-reductase process ([@b0095]). When the PFEO stimulate the oxidation, the phenoloin was reduced, and changed the color ([@b0250]). Phenoloin is a acid derivatives formed by penicillins, which is hydrolytic opening of the β-lactum ring ([@b0110]). However, free phenol was easily attached with enzyme molecules and stimulate the color variation, which indicates that the PFEO has anti-carbapenemase activity ([@b0200]). Further, these evidences were confirmed by measurement of the transferred molecules into the phenol red added by using colorimeter analysis ([@b0195]). In addition, the use of 5 M NaCL solution of quantitative method was also more advantages in colorimeter method. The sufficient NaCL concentration alter the pH slightly and its hyperosmotic properties lead to efficient lysis of the bacteria ([@b0140]).

4. Conclusion {#s0125}
=============

The current was conclude, the plant *C. japonica* EO has chemical composition of diverse biological importance. The destructive effect of the purified *C. japonica* EO on carbapenem resistant bacterial membrane was observed with collapsed turbidity by minimum inhibition concentration assay. The more death cells of the bacteria was observed by SyTO 9/PI of CLSM and confirmed by flow cytometry. Finally, the carbapenemase enzyme inactivation in tested CR *K. pneumoniae* (MN396685) was stimulated by treatment of *Camellia japonica* EO. Overall, this finding is very promising and declare that the EO isolated from *C. japonica* seeds can be used as a potential natural preservative ingredients in medical industry and would be helpful in the treatment of MDR infection.
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